Introduction
Stylosanthes Sw. (Leguminosae Juss., Papilionoideae DC., Dalbergieae Klitg. & Lavin s.l.) is a mainly neotropical genus, which comprises about 25 species (Klitgaard & Lavin 2005) of annual, biennial and perennial herbs and subshrubs inhabiting tropical, subtropical and warm-temperate regions. In the Americas, Stylosanthes species are distributed from New York State, USA, to Santa Fe Province, Argentina, i.e. from approximately 41°N to 36°S (Williams & al. 1984) . Outside the Americas, only S. fruticosa (Retz.) Alston (incl. S. suborbiculata Chiov., see Thulin 1993) , S. erecta P. Beauv. and S. sundaica Taub. have been reported (Nooteboom 1961; Mannetje 1984) . Swartz (1788) described the genus based on two species, Stylosanthes procumbens Sw., nom. illeg. (≡ S. hamata (L.) Taub.) and S. viscosa (L.) Sw. Prior to Swartz, three species had been described but treated under Hedysarum L. and Trifolium L. (Linnaeus 1753 (Linnaeus , 1759 Aublet 1775) . After the establishment of the genus, more than 10 Stylosanthes species were described (e.g. Swartz 1789; Willdenow 1802; Kunth in Humboldt & al. 1823; Don 1832 ) until the first revision of the genus by Vogel (1838) . Since Vogel's treatment, the presence or absence of an axis rudiment, which is a "plume-like appendage" (Mannetje 1984) derived from an abortive secondary floral axis (Taubert 1890) (Fig. 1) , has been the basis for dividing the genus into two sections, one including the species without axis rudiment and the other including species with axis rudiment.
The last complete revision of the genus was carried out by Mohlenbrock (1957) and updated by him a few years later (Mohlenbrock 1963) . However, the material that was available to him more than half a century ago was limited in terms of specimen numbers and origins, particularly as far as Venezuelan species were concerned.
The genus is economically important, especially in areas with poor agricultural conditions such as drought and low-fertility soils, where several species are currently being used for forage, soil cover, soil improvement and the production of concentrate feed for livestock (Chakraborty 2004 ).
For Venezuela, eleven Stylosanthes species have been found by the authors of the present paper (Calles in Hokche & al. 2008; Calles & Schultze-Kraft 2009 , 2010a , ranking Venezuela second after Brazil, from where 25 species had been accounted for in the last revision (Costa & Ferreira 1984) , some of them, however, with yet unclear taxonomic status. During recent work with native genetic resources of tropical legumes in Venezuela (Guenni & al. 2006) , the lack of both an updated taxonomic revision of the genus and a documentation of the geographic distribution of the species in the country was felt as a particularly important shortcoming.
Therefore, the main objective of the research presented here is an updated taxonomic revision of the genus Stylosanthes for Venezuela, complemented by information about the geographic distribution of the species in the country. A key and illustrations are provided to facilitate species identification.
Material and methods
Over 1000 specimens, including 103 type specimens, were examined from 35 herbaria. These are B, BM, CAR, CORO, G, GUYN, HERZU, HOH, IPMY, IRBR, K, M, MER, MERC, MERF, MO, MY, MYF, NCSC, NY, P, PH, PORT, TFAV, UCOB, UOJ, US, VEN, VIA, W (abbreviations after Thiers 2008+) and five herbaria not listed in the "Index herbariorum", which are arbitrarily abbreviated in the specimen lists of the present publication: Herbarium of Universidad Nacional Experimental de los Llanos Ezequiel Zamora, Barinas, State of Barinas (BRNS), Herbario Fundación La Salle, San Carlos, State of Cojedes (COJ), Universidad del Zulia, Museo de Biología, Maracaibo, State of Zulia (HMBLUZ), Universidad Nacional Experimental del Táchira, Herbario J. J. Pacheco, San Cristóbal, State of Táchira (UNET) and Universidad Simón Bolívar, Herbario Museo de Ciencias Naturales, Caracas, Distrito Capital (USB). Due to space constraints, only two collections (if available) per species for each Venezuelan state are cited in the present paper. A complete list of the revised specimens is presented as Appendix 1 of the electronic edition of this paper. Accession numbers of the type specimens, if available, follow the herbarium abbreviation.
During field work in Venezuela, living plants of all species were also examined.
Taxonomy
Stylosanthes Sw., Prodr. 7: 108. 1788. -Lectotype (designated by Britton & Brown 1913: 393, to long and straight to coiled. Seeds cream-coloured to black, smooth.
Note on the typification of Stylosanthes. -There has been some controversy regarding the generic type of Stylosanthes, focussing on the question whether the typification by Britton & Brown (1913) with S. procumbens, nom. illeg. (≡ S. hamata), or by Nooteboom (1961) with S. viscosa is to be followed. In contrast to the argumentation by Kirkbride & Kirkbride (1987 ), Vogel's (1838 division of the genus into S. sect. Eustylosanthes and S. sect. Styposanthes is irrelevant for this question, because typification by restriction is not sanctioned by the Code (Art. 7.11 and Note 2, McNeill & al. 2006 ). The first formal lectotypification, by Britton & Brown (1913) , following the mechanical practise of designating the first species to appear in the text, is non-committal but was formally confirmed by Burkart (1939) and Mohlenbrock (1957) . Typification with S. procumbens therefore takes priority, with Britton & Brown's (1913) (Krapovickas & Gregory 1994) . Stylosanthes species can be easily differentiated from them because A. pintoi has tetrafoliolate leaves and is stoloniferous while C. prismatica and F. fendleri are trees.
Key to the Venezuelan species
The differences among revisions of Stylosanthes depend greatly on the authors' species concept. Some based their species concept mainly on the morphology of the pods (Moh lenbrock 1957 (Moh lenbrock , 1963 Mannetje 1984) , while others placed the emphasis on growth habit, shape and venation of leaflets, number of vascular bundles and pubescence of stems (Pittier 1944; Ferreira & Costa 1979) . In the present treatment, we use mainly pod morphology (shape of the pod; length and shape of the pod beak) to differentiate Stylosanthes species, but we also rely on vegetative characters. The fact that Stylosanthes taxa are difficult to distinguish also renders it difficult to construct a key that avoids ambiguous determinations. Therefore, users of our key are encouraged to also consider the species' geographic distribution as well as the illustrations provided for species identification. Previous keys (e.g. Pittier 1944; Mohlenbrock 1957; Ferreira & Costa 1979 ) directed the user to consider first the presence or absence of the floral axis rudiment, the character distinguishing the two Stylosanthes sections. This, however, is quite difficult as the floral axis rudiment is usually only discernable under a dissection microscope. Since our intention was to create an easy-to-handle identification key, the floral axis rudiment is not taken into consideration in this key. Perennial herb, 30 -50 cm tall, branched from the base. Stems ascending to erect, ligneous near the base, upper branches herbaceous, glabrous, shortly pubescent or with tuberculate bristles. Stipules amplexicaul with short pubescence and tuberculate bristles; sheath 3 -8 mm long, with 7 -9 veins; teeth needle-like, 1.5 -5.8 mm long. Leaves trifoliolate; rachis obtuse-angled, shortly pubescent, 0.2 -1.5 mm long; petioles glabrous to shortly pubescent, 2 -9 mm long; leaflets narrowly linear, 10 -40 × 1 -2 mm; blade glabrous or nearly so at both sides; veins parallel, inconspicuous along adaxial side and conspicuous along abaxial side. Inflorescences both terminal and axillary, elongated and narrowly linear, 13 -45 mm long, with 5 -20 flowers, peduncles 5 -25 mm long; bracts unifoliolate, with needle-like tuberculate bristles and whitish cilia; bract leaflets lanceolate with tuberculate bristles. Flowers with a suborbicular standard 3 -4 mm long, yellow with a dark red striation forming an arch; wing and keel petals 3 -4 mm long. Pods biarticulate but Taxonomic remarks. -Mohlenbrock (1957) synonymised Stylosanthes angustissima with S. angustifolia, based, pre sumably, only on the similarity of the specific epithet, because that name was published without description (Klotzsch in Schomburgk 1848). However, our examination of the original material preserved at P corroborates that both names refer to the same species.
Distribution. -Amazonas, Apure, Bolívar and Guárico. Outside Venezuela, the species has been reported from French Guiana, Guyana, Suriname and Brazil (Williams & al. 1984) . (Vogel 1838; Bentham 1859; Taubert 1890; Mannetje 1977 Mannetje , 1984 or even a synonym of it (Mohlenbrock 1957) . However, based on both pod and vegetative characteristics, S. gracilis should be considered as a separate species (Calles & Schultze-Kraft 2010b) , although these species are certainly closely related. Based on the original description, Mohlenbrock (1957) and Mannetje (1977) placed Stylosanthes surinamensis as synonym of S. gracilis. After examining the type of the former name, we corroborate them as conspecific.
Stylosanthes gracilis
Distribution. -Amazonas, Anzoátegui, Bolívar, Carabobo, Falcón, Guárico, Monagas, Sucre, Trujillo and Zulia. Outside Venezuela, the species has been reported from Panama, Colombia, French Guiana, Guyana, Suriname, Brazil, Bolivia and Paraguay (Calles & SchultzeKraft 2010b) . Mohlenbrock (1957) and Mannetje (1977) , as has been stated already elsewhere (Calles & Schultze-Kraft 2010b) , that these are of no taxonomic value. Based only on the description, Mohlenbrock (1957) placed Stylosanthes viscosa var. acutifolia as synonym of S. viscosa. However, after reviewing the respective type specimens, we conclude that, based on pod morphology, this taxon does not belong to S. viscosa but to S. guianensis instead.
Distribution. -Amazonas, Anzoátegui, Apure, Aragua, Barinas, Bolívar, Cojedes, Distrito Capital, Falcón, Guárico, Lara, Mérida, Miranda, Monagas, Portuguesa, Sucre, Táchira, Trujillo, Vargas, Yaracuy and Zulia. Outside Venezuela, the species has been reported from Méxi-co, Central America, Colombia, French Guiana, Guyana, Suriname, Brazil, Peru, Bolivia and Paraguay (Williams & al. 1984) . Annual herb, 20 -50 cm tall, much branched. Stems usually ascending, often growing prostrate when cut or grazed in young stage, herbaceous to subligneous at the base, hispid throughout, hairs sometimes not to be found on the lower stems but always present on stipules and/or young branches. Stipules amplexicaul, hispid throughout; sheath 4 -6 mm long with two conspicuous veins in the middle; teeth needle-like, 3.5 -7 mm long. Leaves trifoliolate; rachis glabrous to hispid, 1 -3 mm long; petioles hispid, 3 -9 mm long; leaflets narrowly lanceolate, 7 -20 × 2.3 -4 mm; blade hispid at both sides; veins inconspicuous along adaxial side and conspicuous along abaxial side. Inflorescences both terminal and axillary, short, ovoid, 5 -10 mm long, 3 -7 flowers; primary bracts trifoliolate, secondary bracts unifoliolate, hispid throughout; bract leaflets lanceolate and hispid. Flowers with suborbicular standard 3 -4 mm long, yellow with a dark red striation forming an arch; wing and keel petals 3 -4 mm long. Pods biarticulate with usually only the upper articulation developing, oblong, reticulate, scarcely ciliate, 2 -3 × 1 -2 mm; pod beak coiled, 3 -5.5 mm long. Seeds dark brown to black, smooth, 1.8 -2.2 × 0.9 -1.4 mm. -Fig. 6 Distribution. -Amazonas, Anzoátegui, Apure, Aragua, Barinas, Bolívar, Carabobo, Cojedes, Guárico, Monagas, Portuguesa and Zulia. Outside Venezuela, the species has been reported from Mexico, Central America, Cuba, Colombia and Brazil (Williams & al. 1984) .
Selected specimens examined. -Amazonas: Puerto Aya cucho, 11.4.1986, Trujillo & al. 20177 VEN) ; vicinity of Maracaibo, 10.11.1922, Pittier 10698[a] (NY). Mohlenbrock (1957 Mohlenbrock ( , 1963 considered Stylosanthes sericeiceps to have an axis rudiment "in the two lowest flowers of the spike" (Blake 1924 ) and placed it in the corresponding section. However, both authors had access to only two specimens altogether. During our study, we had access to plenty of living material of the species and were unable to find the axis rudiment. We also studied the floral parts contained in the pocket of the type specimen (i.e. inflorescences that had most likely been dissected by Blake) and we could only find bracteoles but no axis rudiment. We suspect that Blake (1924) and Mohlenbrock (1957 Mohlenbrock ( , 1963 might have been led astray by the bifid bracteole (Fig. 8, left scabra, but they differ in that they originate from an elevation of 2500 -2600 m, which is very unusual for both species (and for Stylosanthes in general). Since no axis rudiments could be found, we tentatively identified them as S. viscosa; however, additional studies with different techniques (e.g. molecular markers) should be conducted to clarify the taxonomic status of these specimens.
Stylosanthes sericeiceps
Distribution. -Anzoátegui, Barinas, Bolívar, Falcón, Mé rida, Monagas, Nueva Esparta, Sucre, Trujillo and Zulia. Outside Venezuela, the species has been reported from Mexico, some Central American countries, some major Caribbean islands, Colombia, French Guiana, Guyana, Suriname and Brazil (Williams & al. 1984) .
Selected specimens examined. Perennial herb to subshrub, 30 -100 cm tall, branched from the base. Stems prostrate-ascending to erect, growing prostrate when cut or grazed in young stage, ligneous near the base, upper branches herbaceous, densely and shortly whitish pubescent and with scattered setae. Stipules amplexicaul with whitish tomentose pubescence and tuberculate bristles; sheath 4 -9 mm long, 4 -6 veins; teeth needle-like, 3 -7 mm long with tuberculate bristles throughout. Leaves trifoliolate; rachis obtuseangled, whitish pubescent, 1.5 -3.5 mm long; petioles obtuse-angled, whitish pubescent, 3 -9 mm long; leaflets obovate, 7 -25 × 4 -9 mm; blade tomentose, pubescent at both sides; veins inconspicuous along adaxial side and conspicuous along abaxial side. Inflorescences mostly terminal, capitate, 15 -35 × 10 -18 mm, with several flowers; bracts unifoliolate, translucent, with tuberculate bristles and silky cilia; bract leaflets lanceolate with tuberculate bristles and silky cilia throughout; axis rudiment ciliate, 4 -5 mm long. Flowers yellow, standard petal suborbicular, 5 -7 mm long; wing and keel petals 3.3 -4.5 mm long. Pods biarticulate, upper articulation reticulate, glabrous or sparsely pubescent, 2 -5 × 1.3 -2.6 mm, lower articulation densely pubescent, 2.2 -4.8 × 1.5 -3.4 mm; pod beak uncinate to coiled, 0.6 -1.7 mm long. Seeds cream-coloured with small dark spots, smooth, 1.5 -4.5 × 1.4 -2.8 mm. -Fig. 10 .
Taxonomic remarks. -Stylosanthes capitata is sometimes misidentified as S. scabra; however, the characteristic capitate spike and the fact that the bract leaflets in S. capitata are reduced to a small laminal extension of the midvein clearly distinguish the species from S. scabra. Distribution. -Anzoátegui, Bolívar, Guárico and Monagas. Outside Venezuela, the species has been reported from Brazil and Bolivia (Williams & al. 1984) . Perennial subshrub, 35 -50 cm tall, much branched from the base; strong tap root. Stems prostrate to ascending, ligneous near the base, upper branches herbaceous, slender, with whitish tomentose pubescence. Stipules amplexicaul, whitish tomentose; sheath 4.5 -6.9 mm long with a midrib ± 0.5 mm wide; teeth needle-like, 3 -6.2 mm long. Leaves trifoliolate; rachis pubescent, 0.7 -0.9 mm long; petioles pubescent, 1.2 -2.2 mm long; leaflets narrowly lanceolate, 11 -24 × 2.3 -3.8 mm; blade glabrous or nearly so on both sides; veins inconspicuous along adaxial side, conspicuous along abaxial side. Inflorescences both terminal and axillary, oblong, 8 -10 mm long, 6 -11 flowers; primary bracts trifoliolate, secondary bracts unifoliolate; sheath of the primary and secondary bracts opaque and with needle-like tuberculate bristles and silky cilia; bract leaflets lanceolate with conspicuously tuberculate bristles at margins; axis rudiment ciliate, 3.5 -4.5 mm long. Flowers with a pedicel 5.5 -7 mm long; corolla yellow, glabrous, standard petal suborbicular, 6 -10 mm long, wing and keel petals 4 -4.5 mm long. Pods biarticulate (but only in 44 % of the cases studied (n = 30) did the lower articulation develop), upper articulation reticulate-veined, densely whitish pubescent, 3.1 -4 × 1.8 -2 mm, lower articulation densely pilose; pod beak straight to slightly inflexed, 2.2 -3.3 mm long. Seeds cream-coloured, smooth, 1.8 -2.8 × 1.2 -1.9 mm. -Fig. 11 .
Taxonomic remarks. -Stylosanthes falconensis is closely related to S. hamata, but it differs in being perennial (S. hamata is annual to biennial); the stems of S. falconensis have a whitish tomentose indumentum while those of S. hamata are glabrous except for a line of short white hairs along one side; the primary and secondary bracts of S. falconensis are opaque with tuberculate bristles and silky cilia while S. hamata has translucent bracts with sericeous cilia along the margins; the bract leaflets of S. falconensis have tuberculate bristles along the margins while those of S. hamata have sericeous cilia along the margins; S. falconensis has a conspicuously larger standard petal (6 -10 mm long) than S. hamata (4 -5 mm) .
Distribution. -Stylosanthes falconensis is endemic to Venezuela where it occurs only in the State of Falcón.
Selected specimens examined. -Falcón: Vicinity of Cucaire, 13.9.1980, Trujillo & al. 16741 (MO, MY); between Carrizalito and Cucaire, 11°7'N, 69°45'W, 1170 m, 23.7.2007 , Calles 1019 Annual to biannual herb, 20 -70 cm tall, often much branched. Stems ascending, spreading, usually prostrate when cut or grazed in young stage, mainly glabrous with just a line of fine pubescence along one side. Stipules amplexicaul, papery, glabrous to finely pubescent; sheath 3 -7 mm long, 4 -10 veins, the two central ones being conspicuous; teeth needle-like, 1.5 -7.5 mm long. Leaves trifoliolate; rachis whitish pubescent, 2 -3.5 mm long; petioles scarcely pubescent, 4 -6.4 mm long; leaflets elliptic to lanceolate, 12 -27 × 2.5 -4.5 mm; blade glabrous or nearly so at both sides; veins inconspicuous along adaxial side and conspicuous along abaxial side. Inflorescences both terminal and axillary, oblong, 9 -12 mm long, 6 -8 flowers; bracts unifoliolate, sheath translucent, with silky cilia; bract leaflets lanceolate, glabrous or nearly so; axis rudiment ciliate, 3.8 -6 mm long. Flowers yellow; standard petal suborbicular, 4 -5 mm long, wing and keel petals 2.8 -3.4 mm long. Pods biarticulate, upper articulation reticulate, glabrous or with pockets of pubescence, 2.5 -3.5 × 1.4 -2 mm, lower articulation densely pubescent, 2 -3.5 × 1.4 -2 mm; pod beak uncinate, 2 -3.8 mm long. Seeds cream-coloured to light brown, smooth, 1.8 -2.8 × 0.9 -1.2 mm. - Fig. 12 .
Taxonomic remarks. -Stylosanthes hamata is very similar to S. humilis; however, there are some clear differences (see under S. humilis).
Distribution. -Aragua, Bolívar (naturalised), Distrito Ca pital, Falcón, Guárico, Lara, Mérida, Miranda, Nueva Esparta, Sucre, Vargas, Yaracuy and Zulia. Outside Venezuela, it has been reported from the USA (south- ern Florida), a number of Caribbean islands, Guatemala, Nicaragua, Colombia and Brazil (Williams & al. 1984) .
Two specimens (Picón 1631 and Salazar 54) originate from the State of Bolívar, close to Ciudad Bolívar. These specimens, which were collected in the 1990s, are the only ones reported from the State of Bolívar, in spite of rather intensive botanical and genetic resource explorations conducted in this state (Flores & Schultze-Kraft 1994) . Therefore, we suspect that the specimens stem from naturalised populations, which are likely to be a result of historical transhumance between the eastern coast of Venezuela and the Ciudad Bolívar (in colonial times: Angostura) region. 9.10.1977 , Bunting 5632 (NY, US, VEN); Santa Rosa de la Tierra, 10.11.1922, Pittier 10698(b) (VEN Mannetje (1984) that these species fall within the range of variation of S. scabra. Blake (1920) described Stylosanthes subsericea but in the description he did not mention to which species it was related. He referred to S. subsericea as being distinguishable from other species of the section by its dense subsericeous pubescence and its strongly mucronate leaflets. At the same time, he admitted to know S. scabra only from its description. We compared the type material of S. scabra and S. subsericea and conclude that S. subsericea is conspecific with S. scabra. Standley & Williams (1950) described Stylosanthes scoparia as being clearly different from all other Stylosanthes species known from Honduras (i.e. S. humilis and S. guianensis), but they did not compare it with nonHonduran species. The type of S. scoparia, however, is referrable to S. scabra. The holotype of S. scoparia was originally deposited at EAP but transferred to US in 1956 (Dorr & al. 2009 ). Mohlenbrock (1957) reported two collections of Stylosanthes mexicana from Venezuela, viz., Pittier 9679 (GH, US, NY) and Pittier 7319 (GH, US). The former specimen was examined and discussed during this work with the late Prof. L. Mannetje and we agreed that in all respects it falls within the range of variation that exists within S. scabra.
Distribution. -Anzoátegui, Distrito Capital, Guárico, Lara, Mérida, Miranda, Monagas, Portuguesa, Sucre, Táchira, Trujillo, Vargas and Yaracuy. Outside Venezuela, the species has been reported from Colombia, Ecuador, Brazil, Bolivia and Argentina (Williams & al. 1984) .
Selected specimens examined. Perennial herb, 40 -50 cm tall, much branched. Stems ascending to erect, herbaceous, scabrid with whitish pubescence and tuberculate bristles sparsely distributed, rarely viscid. Stipules amplexicaul, whitish pubescent; sheath 7 -8.3 mm long; teeth needle-like, 2.5 -8.9 mm long. Leaves trifoliolate; rachis pubescent with sparsely distributed bristles, 1.8 -3 mm long; petioles pubescent with sparsely distributed bristles, 7 -8.9 mm long; leaflets lanceolate to elliptic, 11 -32 × 4 -7 mm; blade finely pubescent along adaxial side, sparsely distributed tuberculate bristles along abaxial side, margin with tuberculate bristles, veins inconspicuous on both sides. Inflorescences terminal, oblong, 7 -10 mm long, with 12 -14 flowers; primary and secondary bracts unifoliolate with tuberculate bristles; axis rudiment ciliate, 3 -5 mm long. Flowers yellow, standard petal suborbicular, glabrous, 4 -5 mm long; wing and keel petals 3 -4 mm long, calyx green. Pods biarticulate, upper articulation glabrous or nearly so, 3 -3.6 × 1.8 -2.2 mm, lower articulation densely pubescent, 2.4 -3.5 × 1.8 -2.5 mm (in 80 % of the cases studied (n = 30) did the lower articulation develop); pod beak uncinate, 1.8 -2.2 mm long. Seeds cream-coloured, smooth, 2 -2.6 × 1.2 -1.6 mm. -Fig. 1, 14 .
Stylosanthes venezuelensis
Taxonomic remarks. -Stylosanthes venezuelensis is closely related to S. scabra, but the upper articulation of S. venezuelensis is glabrous or nearly so while in S. scabra it is densely pubescent; the primary bracts of S. venezuelensis are unifoliolate, those of S. scabra trifoliolate; veins are inconspicuous in S. venezuelensis while in S. scabra they are distinguishable even with the naked eye.
Distribution. -Stylosanthes venezuelensis is endemic to Venezuela where it occurs only in the Distrito Capital.
Selected specimens examined. -Distrito Capital: Surrounding hills of Hacienda Sosa, El Valle, 900 -1000 m, 23. 9.1949, Trujillo & Fernández 419 (MY) ; reforested hills of the Caracas Botanical Garden, 870 -980 m, 2.10.1974, Berry 370 (VEN) .
